This study evaluated the effectiveness and equity of a fee for vehicle miles traveled (VMT) for passenger vehicles in Nevada. In the evaluation of the fee's effectiveness, the collection capabilities, as well as the fee's impact on the number of miles users drove, were considered. Equity was evaluated by considering the impact of the VMT fee on various population groups on the basis of socioeconomics, demographics, household type, location, and ownership of fuel-efficient vehicles. To estimate the impacts on various VMT fees, a linear regression model was developed with the use of data from the 2009 National Household Travel Survey, which provided a mechanism to estimate VMT in Nevada as a function of the cost to drive, among other characteristics. The effectiveness and the equity of two alternative VMT fees were compared with the existing fuel tax system. These fees were calculated on the basis of the average fuel efficiency of vehicles in Nevada and the historical revenue from the state fuel tax. In general, a VMT fee of 3.3 cents per mile seemed to be more effective than both the existing fuel tax and a VMT fee of 2.91 cents per mile. Although the 3.3 cents per mile fee had a slightly greater impact on various population groups, its equitable distribution of the tax burden among 71.1% of households created a small average cost increase of just 0.37% per household. Thus, a 3.3 cents per mile fee would provide the necessary revenue without significantly affecting Nevada households.
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The existing fuel tax mechanism used to obtain resources for the transportation sector is not collecting the required funds. Some reasons include limitations to charging vehicles that are powered with alternative fuels, declining revenue from increased fuel efficiency of vehicles, and a relatively low tax value when compared with other countries. Analysis by the National Academy of Sciences and the Energy Information Administration found that as a result of increased hybrid sales, state and federal revenue could decline by as much as 5% and 12.5% in 2020 and 2030, respectively (1) . As an alternative to the existing fuel tax, several state and federal agencies have been considering a mechanism that will charge a fee according to the amount that a vehicle uses the transportation system. This alternative mechanism, known as a vehicle miles traveled (VMT) fee, seeks to charge all types of vehicles and users equitably and fairly for the use of the transportation system. In an effort to compensate for the anticipated decline in collected revenue, lawmakers in Oregon have proposed a 1.43 cents per mile fee for all plug-in and hybrid electric vehicles; this fee will be an additional charge to the existing fuel tax (2) .
Various studies have shown the potential of the VMT fee at the state and national level. Hanley and Kuhl conducted a field study involving 12 sites and more than 2,600 volunteer participants driving an average of 9,000 mi for a total distance of 21 million miles throughout the United States (except Alaska and Hawaii) (3). A prototype mileagebased charging system with an onboard unit was installed in each vehicle to determine the charges for federal, state, and local jurisdictions. The charges were uploaded periodically to a central billing center through a cellular link. Monthly billing statements were sent to participants. A GPS receiver was used to determine state and local charges; however, information on vehicle location or routes traveled was not recorded or transmitted. The VMT data were uploaded to a central database by using commercial cellular services. Of the more than 23 million VMTs that were measured during the study, 99.4% were assigned to the correct jurisdiction. The results showed that from a technological standpoint, a nationwide VMT fee is completely feasible. In addition, the study indicated public acceptance of the VMT fee as a replacement for the existing gas tax system.
In 2007 the Oregon Department of Transportation (DOT) completed a yearlong field study on the implementation of a VMT fee (4). Kim et al. evaluated the feasibility of using existing technology, including a global positioning satellite and the onboard diagnostic system available in most vehicles, to measure VMT within an accuracy of ±2% (4). In addition, a pay-at-the pump mechanism was developed without major differences with respect to the current refueling process. The Oregon DOT estimated an annual operating cost for such a VMT fee mechanism to be about $1.6 million, which is less than 3% of the expected revenue; this result is in contrast to the high additional costs that are usually expected with the deployment of technology and operations.
These studies illustrate the feasibility of measuring and charging for VMT even across various jurisdictions. However, the success of any mechanism intended to collect funds for the transportation sector also depends on aspects such as equity and effectiveness. Fricker and Kumapley developed a model to estimate VMT in Indiana, with the use of socioeconomic data from the Nationwide Personal Transportation Survey (5). The model separated households into socioeconomic clusters according to income, household size, and vehicle ownership. An annual VMT for the state was calculated as the sum of the average effects from each of the clusters. VMT estimates for using the model were 26% below the actual values. However, VMT is very difficult to estimate with the use of household data only. The difference was attributed to miles from vehicles not owned by households, such as taxis, rental cars, and company vehicles. Therefore, this type of estimate could be appropriate only for planning purposes.
Other studies have developed regression models to evaluate several aspects associated with the deployment of a VMT fee (6) (7) (8) (9) (10) (11) With an approximated fee of 0.955 cents per mile, a VMT fee rate was designed to be revenue neutral; the implication is that this rate would collect the same amount of revenue collected with the current fuel taxes. Weatherford found that about 59.8% of households would experience an increased economic burden, averaging an increase of approximately $200 per year, and 66.5% of households would experience a reduction in the annual VMT, with an average change of 2,125 fewer miles per year.
Robitaille et al. developed a linear model for estimating household miles traveled (9). The model was used to analyze a revenue-neutral VMT fee of 0.9 cents per mile. It was estimated that this fee would decrease the total VMT by 0.4%. On average, changes in household consumer surplus, federal revenue, and social welfare would be less than $1 per year per household. As a percentage, all of these changes would be negligible.
With a similar regression model for Oregon, McMullen and Zhang applied an expected revenue-neutral fee of 1.2 cents per mile and found that high-income groups would see a net gain in their economic burden (10) . However, the change in economic burden across all groups, positive or negative, was less than one-tenth of a percent, relative to each group's total income.
With the use of 2009 NHTS data, Weatherford improved his model to evaluate various mileage-based user fee alternatives (11) . From his projections, he concluded that a flat-rate mileage-based user fee was neither less nor more regressive than fuel taxes until 2030. Further, the results indicated that the equity implications of mileage-based user fees were minimal. In addition, the study considered the distribution of changes in household welfare, the net change in the externalities of driving, and fuel consumption relative to the net change in revenue.
VMT for NeVada
In 2009 the Nevada State Highway Fund was allocated $937.4 million (12) . Approximately 42% of the money was allocated from state and federal fuel taxes. Specifically, $189.9 million came from the state fuel tax and another $204.4 million from the federal fuel tax. Expecting a decline in revenue, the Nevada DOT has been conducting a series of feasibility studies. The first study compared seven VMT fee alternatives, ranging from a flat fee to a pay-as-you-go option (13). For viable near-term implementation, this study recommended a fee structure that charged different fees to different classes of vehicles because this structure reflects direct user costs of the transportation infrastructure. For future implementation, the study recommended a full-cost fee, including direct (infrastructure usage) and indirect (externalities of travel) user costs.
The second study, led by the University of Nevada, Las Vegas, under the support of the Nevada DOT, involved a pilot field test to evaluate a potential strategy to implement a VMT fee mechanism in Nevada. Completed during the summer of 2011, this study collected VMT data by using a device connected to the vehicle's onboard diagnostic equipment, which allowed accurate mileage collection and avoided tracking the vehicle's location. Data were measured and collected at the pump. People's preferences and attitudes toward the VMT fee mechanism were analyzed with the use of discrete choice models (14) . For example, people's preferences concerning a billing cycle were estimated. As a result of this study, some policy recommendations were provided. This paper discusses the estimated impacts of deploying a VMT fee mechanism on people's driving behavior and the corresponding amount of resources collected. A linear regression model was developed for Nevada by using 2009 data from the NHTS. Only data from Nevada and similar supporting information were used to estimate the model. Two prespecified VMT fees, 2.91 cents and 3.3 cents, were used as potential flat-fee rates. The fees were calculated according to the average fuel efficiency of vehicles in Nevada and the historical revenue from the state fuel tax. The goal was to assess the effectiveness of a VMT fee and determine the equity impacts at the household level. The effectiveness of the VMT fee was based on its capability to collect revenue and reduce a vehicle's mileage. The fee needs to be equitably distributed for various socioeconomic, demographic, and special groups. 
These studies used a linear relationship for its simplicity and ease of estimation. The models provided a reference point for the development of a Nevada-specific model with the use of NHTS data from 2009 (15) .
Although the data set included many variables that could be used directly in a model, additional variables were created to improve the specification. An important variable used in previous studies was the price per mile to drive because of the variability of fuel prices and its negative effects.
At the vehicle level, price per mile was calculated as the ratio of the price per gallon and the vehicle's fuel efficiency:
However, the model should use the average price per mile of the entire household; this is a weighted average, with each vehicle weighted by its mileage over the total miles traveled. Equation 3 was used to calculate this weighted average:
average household price per mile cost per gallon mpg
where Mn is the annual mileage of vehicle n and M is the total annual household miles traveled.
In the presence of a VMT fee, the fuel tax must be removed from the price per gallon. In this study, the state and the federal tax in Nevada were considered. Equation 4 shows the calculation of the price per mile with the VMT fee added and the state and federal fuel taxes removed. This equation enabled a sensitivity analysis with various VMT fees. Other variables were created to account for households' owning various types of vehicles and vehicles with different fuel efficiencies. VHTP_IN is an indicator variable that takes the value "one" if the household owns more than one type of vehicle, such as a car, truck, or van; otherwise, it takes the value "zero." In this study, only passenger vehicles were considered because NHTS does not include commercial vehicles data. Similarly, FUEF_IN is an indicator variable that takes the value 1 if there is a vehicle in the household with 0.95 mpg additional efficiency-5% of the average fuel efficiency in Nevada-relative to all other vehicles in the household; otherwise, it takes the value "zero."
Other indicator variables in the model include URB_IN, which takes the value "one" for an urban household location and "zero" for rural; and HYBRID, which takes the value "one" for households with hybrid vehicles and "zero" otherwise. Other variables include Interaction variables were created to show the interdependencies between an increase in price per mile and VHTP_IN, FUEF_IN, presence of hybrids, and household income. These interaction variables help explain household behavior relative to fluctuations in fuel price. The variable PVHTP_IN is the product of LOGPMT and VHTP_IN. Similarly, PFUEF_IN is the product of LOGPMT and FUEF_IN. PHYBD_IN and PLOGINC are the product of LOGPMT with HYBRID and LOGINC, respectively. Using a linear relationship to estimate household VMT has some limitations. For example, fuel usage with respect to fuel prices typically is inelastic unless a significant change occurs. Therefore, a change in fuel price will not necessarily result in a linear change in fuel usage. In contrast, consumer behavior analysis has shown that increasing the fuel tax is an effective method to reduce VMT (16) . Variations in fuel prices often are seen as temporary; however, analysis showed that consumers are more likely to see an increase in the fuel tax as permanent, which would lead consumers to reduce their fuel usage by decreasing their mileage. Because a VMT fee represents a permanent change, the corresponding reduction in VMT could follow a linear relationship.
Nevada-only Model
In the 2009 NHTS data, 249 households responded from Nevada. Outliers as well as missing information from some households, mostly price of fuel and household VMT, left only 222 complete observations. With these data, a linear regression model was estimated with ordinary least squares. Assuming a level of significance equal to 0.10, the best model specification is ln annual VMT ln PMT , ln INC , ln VEHCT , WRKCOUNT, FUEF_IN, PFUEF_IN, HHSIZE, HTPPOPDN
This model does not include some variables that intuitively are expected to have an effect on annual household miles traveled. For example, the model does not include variables such as urban and rural household location, type of vehicle, hybrid vehicles, and interaction between household income and price per mile to drive. In addition, the overall fit of the model seems weak, with the adjusted R-squared equal to .54.
The model statistics are shown in Table 1 . Although the model has expected signs for coefficients, missing expected variables coupled with a weak model fit suggest the need for further model development and additional data collection.
The sample size was increased by including additional households from U.S. Census Division 8. Each of the states in this census division (Nevada, Arizona, Utah, Colorado, Idaho, Montana, Wyoming, and New Mexico) has population densities well below the national average. Generally, VMT increases with a decrease in population density, largely the result of decreased walkability and reduced availability of transit. The low population densities for the states and their respective metropolitan areas suggested these areas would have driving habits similar to Nevada's. However, not all metropolitan areas from the added states have the same characteristics as the areas in Nevada. For example, any observation in an area with access to rail transit was removed because Nevada has no rail transit.
In addition, the U.S. Census Bureau's metropolitan statistical area (MSA) was used to match the remaining metropolitan areas to those in Nevada. Considering the characteristics of the metropolitan areas in Nevada, the NHTS observations from other states used in this study are from MSAs with populations between 1 million and 2,999,999 without rail and between 250 thousand and 499,999 without rail and from areas that do not fall into an MSA because of low population density and economic activity.
full Model
With 1,119 additional households from the matching MSAs, the total number of observations increased to 1,341. Therefore, a new regression model was estimated by using all of these data. The new model contained 12 explanatory variables and included new important variables, such as household income with a price-per-mile-to-drive interaction, urban and rural location, and hybrid vehicles. The new model has an adjusted R 2 value of .65 and a Durbin-Watson statistic of 2.01, suggesting that the model is not autocorrelated (17) . Table 1 provides the coefficients, t-statistics, and p-values for the best model specification. Statistical tests were conducted to ensure that the model satisfied all conditions required for linear regression models.
The estimated coefficients have the expected signs, with the exception of LOGINC. A negative sign for income implies that households drive less with increasing income. This finding can be a consequence of demanding schedules and the ability to work from home for some high-income households. In contrast, LOGPMT has an expected negative sign, since increasing price per mile will result in less driving. Location variables URB_IN and HTPPOPDN have negative signs, suggesting that drivers in urban households and dense population areas drive less than do their counterparts.
The indicator variables FUEF_IN and HYBRID have negative coefficients, implying that households with fuel-efficient vehicles drive less. However, this can be counterintuitive, that is, people with money and the attitude that make them buy fuel-efficient vehicles also may be energy and environmentally conscious. They may try to drive less to save energy and produce fewer emissions.
PLOGINC, the interaction between LOGPMT and LOGINC, is positive; the indication here is that an increasing price to drive has less effect as household income increases. Similarly, the positive sign for LOGVEHCT, HHSIZE, and WRKCOUNT is expected, indicating that an increase in these variables increases household driving.
aNalysis of Models
Analysis of the models focused on estimating the effectiveness and equity of the VMT fee. Effectiveness represents how well the VMT fee works in comparison with the fuel tax in collecting revenue. Equity relates to the fairness of the fee across various population groups. Thus, effectiveness and equity were estimated on the basis of the change in household VMT, the amount of revenue collected, and the change in household annual cost to drive for various socioeconomic groups.
The full model and the Nevada-only model were used to estimate the impacts of a VMT fee in Nevada. Although the Nevada-only model is statistically weak, its results are worth comparing with those obtained with the full model. In addition, the effects on Nevada households were estimated with the full model (full model-Nevada HH). Because the full model is statistically strong, it can provide better estimates for Nevada.
Mileage Calculation
Annual mileage was calculated for each household under the existing fuel tax system and two alternative "revenue neutral" VMT fee scenarios: (a) a 2.91 cents per mile fee based on the fuel tax and (b) a 3. 
Some passenger vehicles purchase fuel in Nevada but drive in neighbor states. That fact reduces the average vehicle miles traveled and could be one of the reasons for the difference between the tax-based and revenue-based VMT fee. Table 2 shows the revenue generated from taxable gallons of fuel and vehicle miles traveled in Nevada. These data were provided by the Nevada Department of Transportation.
Household miles driven for the existing fuel tax system were calculated by using the linear regression model in Table 1 with the household characteristics and the original price per mile value. Equation 4 was used to calculate the price per mile for each household for the 2.91 cents per mile fee and the 3.3 cents per mile fee. These prices per mile were used in the linear regression model to calculate the corresponding annual household VMT.
effectiveness
To determine the change in revenue and miles traveled, the annual miles estimated by using the two VMT fees were compared with the miles corresponding to the fuel tax. Annual VMT was calculated as the sum of the miles driven by the households in the data set. Revenue from the VMT fees was calculated with Equation 8 as the product of the total miles and the VMT fee. p = VMT fee revenue annual miles traveled VMT fee ( 8) Total gallons purchased were estimated by using Equation 9 as the ratio of the total miles traveled by the households in the data set and the average on-road fuel efficiency of 18.9 mpg (18).
gallons purchased annual miles traveled aver = a age on-road fuel efficiency ( ) 9
Fuel tax revenue was calculated with Equation 10 as the product of the tax per gallon and the number of gallons purchased.
fuel tax revenue gallons purchased tax per = p g gallon ( ) 10 Table 3 and Table 4 show the estimated mileage, revenue, and corresponding amount of miles traveled for the existing fuel tax and the two proposed VMT fees. The results illustrate that the implementation of a VMT fee reduces the amount of miles traveled relative to the existing conditions. Even though the VMT fee of 3.3 cents per mile produces the greatest reduction in total miles traveled, it is still the most revenue-effective mechanism.
Both VMT fees showed benefit compared with the existing fuel tax in all models. A decrease in annual miles traveled could lead to a decrease in congestion, accidents, emissions, travel time, and damage to the road. equity Although the 3.3 cents per mile fee seems to be very effective for the state of Nevada, there are some equity concerns. The various socioeconomic aspects used in this study to calculate the equity include income level, urban versus rural households, demographic Taking the same method used to estimate the 2.91 cents per mile fee and applying it to the 3.3 cents per mile fee generated a theoretical revenue-neutral state for an average fuel efficiency of 16.7 mpg. Thus, with the 3.3 cents per mile fee, owners of vehicles getting less than 16.7 mpg will see a slight decrease in their price per mile, and vice versa. The result will be significantly more vehicles with an increased price per mile, which translates into an increase in the revenue collected and an average equity loss per household.
In contrast, because the 2.91 cents per mile fee was calculated by using the on-road average fuel efficiency, any negative effects were homogeneously distributed in the population. Because of a slight decrease in miles traveled and in collected revenue, a 2.91 cents per mile fee actually provided, on average, a small equity benefit. The impact of the two VMT fees at the household level were estimated, as shown in Table 3 and Table 4 .
When the impact of the VMT fee at the household level is analyzed with all three models, the 3.3 cents per mile fee resulted in a greater number of households with an increased tax burden. The increased tax burden in Nevada households (67.9%) was less when compared with the overall population in the model (71.1%). Both fees result in households with a decrease in vehicle miles travel. In the case of the 2.91 cents per mile fee, although overall, less revenue is collected, the average household still sees an increased cost.
This result illustrates the weight that households with low average fuel-efficient vehicles have on the sample. The 3.3 cents per mile fee results in a more equitable distribution of the tax burden than the 2.91 cents per mile fee. For 71.1% of households the 3.3 cents per mile fee creates a small average cost increase of just 0.37% per household. Thus, a 3.3 cents per mile fee would provide the necessary revenue, without stifling Nevada households.
income Groups
It is important that the VMT fee does not disproportionately influence various income groups, in particular, negatively affecting lower-income households. As discussed in McMullen et al. (6) and Zhang et al. (7), this study used the median income of each category as a proxy for income. Figure 1 clearly illustrates that a 3.3 cents per mile VMT fee showed an increasing trend, whereas higher-income groups had a larger increase in annual cost compared with lowerincome groups. Further, lower-income groups obtained cost savings. For the lowest-income group, the Nevada-only model showed an inconsistent trend in an increase in annual cost; a result that could be attributed to a weak statistical model. Despite these cost savings for the lowest-income groups, the same is not true for annual miles traveled. On the basis of the full model and the full model-Nevada HH, these groups had the largest percentage decrease in VMT with 4% to 5% for the 2.91 cents per mile fee, compared with a decrease of 0.5% to 3% for the other income groups. Similarly, there was a 7% to 8% decrease in VMT for the 3.3 cents per mile fee, compared with a decrease of 2% to 6% for the other income groups. This outcome could be the result of lower-income groups reducing or forgoing some trips or having less fuel-efficient vehicles. Hence, as McMullen et al. suggested, rather than revenue calculations, the net impact on welfare changes of income groups might provide better VMT estimates (6) . Useful to this discussion would be finding a change in VMT by trip purpose, which estimates the reduction of trips and the corresponding VMT. Further research is needed to find the exact impact of the VMT fee on various income groups. However, the Nevada-only model does not follow this trend of mixed estimates among income groups.
Urban Versus rural Households
A common concern about a VMT fee is the impact it will have on rural households. In general, rural households drive more than do urban households (19) . In addition, rural households have, on average, less fuel-efficient vehicles. For the fees in the full model and full model-Nevada HH, urban and rural households experienced a similar level of decrease in VMT. However, there was a slightly larger increase in the average annual cost for rural households relative to their counterparts. According to the Nevada-only model, there was a decrease in annual cost when the VMT fee was 2.71 cents per mile and an increase when the fee was 3.30 cents per mile. Results for the Nevada-only model were better than for the other two models; however, it is not a statistically sound model.
demographic Groups
The analysis conducted by Weatherford indicated some concern for the effects of a VMT fee on different demographic groups (8) . Specifically, in their study, Asian households experienced the most adverse impacts, with a large increase in their annual cost to drive. Table 5 shows the estimated impacts of a VMT fee for various demographic groups in Nevada. Across the three models, the average impacts for all racial groups were very similar. Each group is predicted to drive fewer miles each year and have a higher annual cost. As in Weatherford, on the basis of the full model, Asian households were affected the most, with a change in annual cost of more than 50% compared with the next closest group (8) . These impacts probably result from Asian households owning more fuel-efficient vehicles than do other groups (8) . However, for Nevada households, African-American households were the most affected. The data included fewer Asian and African-American households than other demographic groups.
Household Types
Household type includes single-or multiple-parent families, with or without children, and the age of the youngest child if they have children. It is important to determine the effects on various kinds of households to avoid some being more affected than others. Table 6 shows the estimated average change in VMT and cost relative to the fuel tax. Across the three models, the results show that all household types would drive less under the VMT fees, with many of them paying more as well. Households with no children, specifically those with only one adult, would save more by paying less to drive. Retired households had small changes in miles traveled and annual cost, making them the least affected by either VMT fee.
Single-parent households had the largest loss in mobility, especially compared with multiple-parent households with the same age for their youngest child. Comparatively, single-parent households had a greater decrease in miles traveled but a smaller change in annual cost. This outcome is likely a result of multiple-parent households driving more than single-parent households. Results for 
fuel-efficient Vehicles
The fuel tax cost was calculated by using the state fuel tax and the state's average fuel efficiency. This method created a breakeven fuel efficiency level with (a) a net gain for households with average fuel efficiency below the state average and (b) a net loss for households with average fuel efficiency above the state average. In this study, households with at least two vehicles-one of which was at least 0.95 mpg more efficient than the other-were considered to have a fuel-efficient substitute vehicle. A 3.3 cents per mile fee has a higher annual cost burden than the 2.71 cents per mile fee. Table 7 and Table 8 summarize the effects on households related to fuel-efficient and hybrid vehicles.
In particular, households with hybrid vehicles would be affected by a VMT fee. The high fuel efficiency vehicles, requiring less purchased fuel, would pay less in fuel taxes. With the 2.91 cents per mile fee, households would not experience a significant difference because this fee was designed to be revenue neutral. On the basis of the full model, with this fee, hybrid owners would travel an average Although the hybrid owners would pay more for driving less, the VMT fee system would provide more revenue for the state. Further, the system would require hybrid owners to pay the same amount to drive as all other vehicles. As the primary reasons for purchasing hybrid vehicles are for their high average fuel efficiency and the resulting reduction in harmful emissions, a VMT fee should not affect the incentive for purchasing these vehicles. At current fuel costs near $4/gal, a 2012 Toyota Prius traveling 15,000 mi annually would pay about $1,200/year, on the basis of its combined fuel economy of 50 mi/gal. Conversely, a vehicle with average fuel economy, 18.9 mi/gal, would pay more than $3,100/year in fuel costs; that result indicates a sizable benefit in driving a hybrid vehicle.
For a number of reasons, the 2009 NHTS data do not include data for households with electric vehicles. One primary reason could be that during the survey period, 2008-2009, very few electric vehicles were present in the population. Therefore, an analysis for this type of household was not provided in this study. However, households with electric vehicles are expected to be more affected than hybrid vehicles by the VMT fee.
CoNClUsioNs
The linear regression model developed in this study provides a mechanism to estimate changes in miles driven as a consequence of different methods and rates to charge for the use of the highway system. Suggested changes in transportation tax policy can be analyzed by using the proposed model, saving time and money while providing sound insights.
With the proposed models, the economic impacts of an alternative VMT fee for Nevada were estimated. In general, the results showed a 3.3 cents per mile fee to be more effective than both the existing fuel tax and the 2.91 cents per mile fee. For the total sample used in this study, the 3.3 cents per mile fee was estimated to collect 9.75% more revenue than the fuel tax system. The 3.3 cents per mile fee seems to be more equitable and more evenly distributed, with 71.1% of households experiencing an increase in their tax burden. Furthermore, the 3.3 cents per mile fee results only in a 0.37% average annual cost increase per household. With the full model-Nevada HH, a 3.3 cents per mile fee creates an increase in the tax burden for 67.9% of Nevada households. Further, 9.89% more revenue can be collected over the existing fuel tax system. Overall, the analysis shows that the 3.3 cents per mile VMT fee is sufficient to meet revenue needs. Collection and revenue distribution across jurisdictions are major issues associated with implementing a VMT fee mechanism in any state (11, 13) . A previous study by the RAND Corporation discussed the revenue-distribution equity across jurisdictions (20) . Although collection and distribution across jurisdictions is very important in the context of equity, this study focused only on how various population groups might be affected by the VMT fee. For example, the 3.3 cents per mile fee had slightly higher effects on various groups compared with the 2.71 cents per mile fee. High-income groups had a larger increase in annual cost compared with low-income groups. Rural households had a slight increase in annual cost relative to urban households. On the basis of the full model and full model-Nevada HH, Asian and African-American households were most affected relative to change in annual cost. Single-parent households had a slight decrease in annual cost compared with multiple-parent households. Although the 3.3 cents per mile fee showed slightly higher effects than the 2.7 cents per mile fee, it represented a smaller increase compared with revenue.
In addition to the 19.15 billion passenger VMT, truck VMT in Nevada is about 2.1 billion. The impact of the truck VMT should be included in an analysis when a rate is determined. The method used in this study to estimate the 3.3 cent VMT fee for passenger cars also can be used to estimate a semitruck VMT fee. However, a separate model would need to be developed for semitrucks because NHTS data do not include commercial travel. Evaluation of truck traffic is more difficult to approach because it is on a national scale with interstate travel. It would be more appropriate to address truck traffic in a national study and determine one nationwide fee.
The approach used in this study can be used as a framework for future studies in other states. States in U.S. Census Division 8 can use this study as a reference point to assess the potential economic impacts of a VMT fee because the full model developed here was based on data from this division. Future analysis should consider effects on congestion and travel times as well as the potential savings from a decrease in emissions. Quantifying these impacts in financial terms will provide a comprehensive approach to evaluate the broad consequences of deploying a VMT fee mechanism.
Finally, this study considers mainly one problem, an alternative mechanism to fuel taxing to fund transportation infrastructure as gradually vehicles are becoming more efficient and the number of hybrid and electric vehicles is increasing. Switching from a fuel to a mileage taxing system over a short time period may have an undesirable effect. Fuel taxes are excellent motivators to encourage car owners to buy more ecofriendly vehicles, or even to drive in a more efficient way (1) . Therefore, legislators are advised to protect the very important carbon footprint reduction and sustainability awareness that appears to be taking place.
